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By Melvin M. C-1 and Joseph R. Mili l lo 

Results are  presented of investigation made of the 
NACA W O )  (O3)445 t-lade prop.eller Fn the  Langley h o o t  hi@- 
speed tunnel for blade -ea from 20° t o  W o  f o r  forward W h  nmib-ers 
up t o  0.95. A caqar i son  of t h i s  propeller with previously  tested 
propellers is also present.ed. 

The results show that a propeller with 37percerrt;thick  sections 
at the design  etation can delay the  onset of ELdveree corapressibilitg 
effects up t o  a forward Mach rider qf 0.825. With euch a propeller, 
efficiencies a8 hfgh as 73 percent m e  obtained at a f o m d  Mach 
nmber of 0.925. Reductione in thiclmess  ratio f r o m  8 percent t o  
3 percent at the  deeigt station delay the onset of adverse Compresai- 
b i l i ty   e f fec t8  bg as much as 0.12 in forward Bkch nuniber. !Phis same 
reduction in t h i c h s s   r a t i o  leads t o  an increase in efficfency of 
17 percent at a forward Mach nunibsr of 0.95. When considerations of 
the structural diffLculties asd practical  problems a r e  included, it 
appears that the use of thinner blade sec-tims is more admntageo'us 
than the use of sweep in propeller b4des in obtaining -roved 
propeller  efficiency at high Bpeeds. 

A p a r t i a l  study af the effect  of thiclmese ratio on propeller 
p e r f o m c e  was presented in reference 1. This study included  basic 
force-kest data fo r  an EACA propeller OP conventional  thiclmess a t  
several  blade angles wound its design condition, and also b-ic force- 
t e s t  data f o r  an EXCA propeller with a t h i c h e s s  =ti0 of 3 percent at 

Blade fa i lure  prevented  campletion of the thiD+propeUr investigation 
at that t u .  New thin blades were made, however, and the   t es t s  were 

' its design station tested at i ts  design blade angle (Bo.75B = 60' )  . 



cnmpleted. The raaults of the completed tests of the NACA 4-(0)(03)-045 
propeller are presented herein. Thia paper is eseentially a data report 
t o  expedite publication of the reeulte obtained.  Large-ecale  plote of 
the basic  propeller  characteristice (Mg. 5 )  are available on requset 
t o  the NACA. 
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blade width, feet 

propeller diameter, f ee t  

blade"width rat l o  

maximumthlcbese of blade  eection,  feet 

blade  thickuese  ratio 

rotational speed, revolutions  per second 

power, foot pounds per second 

propeller t i p  radius, feet 

thruat, pouna€l 

t-t disk loading coefficient - G 3  

. 



WlCA RM L5OA3la - 3 

v tunneldtum velocity (tunneldtum velocity  uncorrected 
for  tunneld constraint),  feet  per second 

B sectfun blade angle, degrees 

rl 

qe maxirmnn envelope efficiency 

P air denaitg, elugs per  cubic foot 

The apparatus and methods described in reference 2 w e r e  used in 
this  investigation which was conducted in the Le,ngley &oot hfgh-speed 
tunnel. A sketch of the 80Cbhorseparer dynasMneter instal la t ion in the 
tunnel ie ahawn as figure 1. 

The propeller ueed in this investigation was deaigned t o  produce 
minimum energy losses (prof l l e  drag assumed equal t o  zero) at a blade 
angle of 600 at the 0.7 radius and at  an advance r a t io  of 3.36. 
Spmetrical  XACA l h e r l e s  blade aectAons were used a l l  d o n g  the 
blades. The propeller used for the investigation reported in refe- 
erne 1 was made of a b e r y l l i w o p p e r  al loy.  Thia propeller, a8 
previously mentioned, failed  became of fatigue  incurred by excesaiva 
f lu t t e r .  For the preaent tests ,  the propeller blades were made of 
eolid steel ad, for   the Mach number range t es ted ,   f lu t te r  was not 
evident. A photograph of the  blade is shown as figure 2 '  and the blad- 
form c m e a  are preeented in figure 3. 

Thruat, torque, and rotational speed were measured throughout the 
operating range of the  propeller. For each tlrnnel Mach nmiber, the 
propeller w a ~  operated at fixed blade angles and the ro ta t iona l  speed 
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wa8 varied. The range of blade &e covered f o r  each ?arward Mach 
number ie given in  the f o l l o w i n g  table: 

Forward 
Mach nuniber, 

M 

Blade angle af 0.75 t ip   rad ius ,  Poarn 

&Data for pOa7% = 60° were obtained during teste reported In 
reference 1. 

REDTT(=TION OF DATA 

Propeller thmmt.- Propeller  thrust  a8 used herein ii defined  ae 
the shaft tenelon produced by the spinnee-t ip  portion of the bladea. 
The method used i n  determining thruet tare6 and in  evaluating  the 
propeller thrust ia described i n  detail in reference 2. 



Propeller torque.-TTorque tare correctiona were found t o  be emall 
and depehlent  only on rotational speed. The indicated  torque r e w  
was corrected for the spirmer tam. 

Tunne1"Wall correct.iana.- The f o r c e e a t  data have been corrected 
f o r  the  effect of tuzmel-wall constraint on velocity at the  propeller 
plane by use of the method described in  reference 2. These resul ts  m e  
presented Fn figure 4 where the r a t i o  of free-air veloci ty   to  the 
tunnel-datum velocity is plotted as a m c t i o n  of thrust  disk-loading 
coefficient and tunnel-datum Mach number. 

Accuracy of results.- analysis of the accuracy of  the separate 
measurements required  to  define completely the  propeller  characteristics 
has indicated that errors in  the results presented  herein are probably 
less than 1 percent. 

The basic  propeller characteristics are preeented in  figure 5. 
For each value of tunnel-datum Mach rider, the propeller thrust and 
power coefficients and efficiency are plotted against advance ratio. 
The vssiation of t i p  Mach number with advasce r a t i o  is also included. 
As ueed herein, the tunnel4atum Mach nmtber is not corrected for 
tunnel-da;tum constraint. The fie-ir Mach nmiber, however, can be 
obtained by applying the t u n n e l 4 1  corrections,  presented in 
figure 4, t o  tlie tunneliLatum Mach nuniber. A t  the high Mach ntmibers 
the tunne1"wall correction is generally less than 1 percent. 

Effect of Forwa;rd Mach number of masimum efficiency.- The 
variation of mximmu eff iciehcy with forward Mach nmber i e  presented 
in figure 6 .  A t  re la t ively low speede, the highest value of nwdmum 
efficiency was approximately 89 percent for the blade-asgle of 30' 
to 60°. The low+peed efficiency f o r  blade angles of 20' 
and 650 was about 85 percent. It may be men f r o m  the figure that the 
maximum efficiencies for the design blade angle = 60°) a x e  at 
least as high as the efficienciee for asy other blade angle throughout 
the Mach nuniber range teated, The adverse  effects of cnmpressibility 
do not become evident until an operating Mach  number of 0.825 is 
reached; beyond th i e  Mach nmiber the maximum efficiency falls off 
abruptly to an efficiency of 73 percent at a Mach number of 0.925. A t  
blade angles other than the design blade angle the  adverse  effects of 
compressibility occur at mch lower  forward Mach nunibere; however, for  
blade angles of yo and 5 5 O  the maximum effioiencies are  also about 
73 percent at a Mach ntmiber of 0 -925, 
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Efrept of advance r a t i o  and foruard Mach number on maximum 
efficiency.- The dlscuslsion of refer6me 2 Clearly showed that f o r  
subcri t ical  propel1.er operation,  relatively high advance ra t ios  are 
conducive t o  high efficiencies,  but  .for high supercrit ical   propeller 
operation this trend i s  rever~ed ,  that is, to obtain the  highest 
propeller efficiencies at eupercr i t lcd  speeda, low advance ra t ios   are  
neceasarg. The curves  presented in  figwe 7 tend t o  further demomtrate 
this phenamenon. The reversal  in effect  of advance r a t i o  on maximum 
efficiency for this propeller did not  occur until after reaching a 
forward Mach nuniber of 0.9. WE reversal is at a higher Mach number 
than that  shown fo r  the convenbianal  propeller in  reference 2; this 
fact indicate8 that the point. of reversal is dependent- on t he   c r i t i ca l  
speeds of the  propeller  sections and i s  thus de-d by use of thinner 
sectians. Moreover, the magnitude of the trend of increased efficiency 
with reductformin  admnce  ratio is  consider&bly fmdler than the trendEl 
shown in reference 2 for a n  &ercent-tblck  propeller. The efficiency 
curves  for  these two propellers  indicate that the  eectione of the th in  
propeller are operating at higher lift-to-drag rat ios .  It w a ~  noted i n  
reference 2 that the gain in  efficiency  assocFated with reduction in  
adirance r a t i o  becarnee significant d y  when low l i f t - todrag   ra t ios  axe 
encountered. It therefore appears that the high lif%-t+drag ra t ios  
aesociated Kith the thinner propeller lead t o   t h e  much maller  trend 
shown. 

Comparison w i t h  other propellers.- Figure 8 shows the envelope 
efficiency f o r  the NACA 4-(0)(03)445 propeller plotted against forward 
Mash nmiber. Superimposed on this figure are the envelope efficiencies 
for the mACA 4-(0)(08)-045 awl 4-(4)(06)-05745A propellere. The 
NACA 4-(0)(03 1-045 and 4-J0)(08)445 prupellers. differed only i n  
t h i chese   r a t io ,  the former being 3 percent.  thick and the la t ter   being 
8- percent  thick at the   dea i s   a t a t ion ,  X .  = 0.7. This figure indicates 
the improvement obtainable by the use of thinner eectione. Not anly 
i e  the onset of adverse  compressibility  effects delayed about 0.12 in 
Mach nmber, but the magnitude of ths adverse  effects is considerably 
reduced by ths w e  of the thinner blade sections. A8 a resul t ,   the  
thinner propeller i s  17 percent more eff ic ient  . t W  the thicker 
propeller at a forward Mach number of 0.923. Thus, with blade-section 
thickness  ratios of the order of 3 percent, propeller efflciencios of 
73 percent or more. ~8111 be obtained at forward Mach number8 of 0.925. 
Figure 8 also shows several values of efficiency  calculated  for  the 
NACA b( 0)(03)4343 propaller usling eection data obtainsd fram presmm- 
distribution meaawamsnts on propellers, wind4unnel forco measuremsnte, 
and calculations for supersonic conditions. The calculation6 were made 
by assumin@; an ideal -load di8trlbution and using maximum lift-to-drag 
ratio8  obtained  fromthe Langley l&foot high+peed-tunnsl preseu re  
distribution  studies.  Despite  the  fact that the assumod conditione 
were not attained i n  the experiments, the agreement between the 
calculated and meamred efficiencies is good,. The method of calculatlon 
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used in obtaining these  points may be found i n  reference 3. IbqerI- 
mentd  tes ts  of  mother thin propeller (reference 4) have shown 
efficiencies of‘ the same order of mgnitude in the high supercritical 
Mach n&er range. 

For purposes of conparison, figure 8 d s o  includee a curve  repre- 
senting  the  experimental F e u l t a  f o r  the NACA 4-(4)(06)457-43 pr- 
peller (reference 5 )  tested in the Lmg leg  %foot high-6peed tunnsl. 
This propeller is swept: forward and back 45O and ha8 a thiclmess  ratio 
of 6 percent at the design &ation. The efficiency for thia  propeller 
falls only  slightly above values which would be expected of an unmept 
hercent-thick  propeller. When it 18, considered that the  practical 
s t ress  and hub problem f o r  a swept propeller are actually  =re eevere 
than those f o r  a 3-ercenMhick straight propeller, it must be 
concluded that the u8e of m e p   i n  propellers i 8  less advantageous than 
the me of  very thin blade eectiane for maintaining good efficiencies 
at transonic speeds. 

Investigation of the NACA 4-(0)(03)-045 (having  3-percent-thick 
eymmetrical sections at the design  station) tw-lade propeller in the 
Langley %foot hi&”speed tunnel, together with ccmprieons of previously 
tested  propellers,  indicates  the  following conclusione: 

1. A propeller w i t h  3-percent”thick  sections at the desi- dat ion 
can delay t he  onset of adverse compressibility  effects up t o  a forward 
MEtch number of 0.8!25. 

2.  With such a 3-percent4hick  propeller,  efficiencies a6 high as 
73 percent are obtained at a forward Mach number of 0.925. 

3. Reductio- in thickness r a t i o  f r o m  8 percent t o  3 percent at 
the  design  station  delay the onset of adverse cnmpressibility  effect8 
by aa much as 0.12 in forward Mach nmiber. 

4. Reductions in  section thiclmeas r a t i o  f r o m  8 percent t o  
3 percent at the design station lead t o  an Increase in efficiency of 
l 7  percent at a Mach number of 0.925. 
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Figure 2. - NACA 4-( 0) (03) -045 propeller. - 
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Figure 3. - Blade-form m e a  f o r  IYACA b ( 0 )  (03) -045 propeller. 
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Figure 4.- Tunnel-wall-interference correction for 4-foot-dlaneter propeller in Langley 8-foot h i g h - ,  + 
speed tunnel. 
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Figure 6.- Effect of forward Mach number on maximum efficiency. 
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Figure 7. - Effect of compreseih.11+? and advance ratio on maximum efficiency. 
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